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CLAIMS 



[Claim(s)] 

[Claim I ] An internal combustion engine, the generator driven with said internal combustion engine, and the battery which 
accumulates the power generated with said generator, The motor driven with the power accumulated in said battery, and the driving 
means which drives a driving wheel using either of said internal combustion engines and said motors, or the driving force of the both, 
In the cooling control unit of the internal combustion engine which controls an internal combustion engine's cooling condition in a car 
equipped with the drive control means which controls said driving means The cooling control unit of the internal combustion engine 
characterized by driving said internal combustion engine compulsorily with said generator or said motor when said internal 
combustion engine's engine temperature is higher than predetermined temperature in case said driving means drives a driving wheel 
only using the driving force of said motor. 

[Claim 2] An internal combustion engine, the generator driven with said internal combustion engine, and the battery which 
accumulates the power generated with said generator, The motor driven with the power accumulated in said battery, and the driving 
means which drives a driving wheel using either of said internal combustion engines and said motors, or the driving force of the both, 
In the cooling control unit of the internal combustion engine which controls an internal combustion engine's cooling condition in a car 
equipped with the drive control means which controls said driving means said drive control means The service condition which said 
driving means changes [ service condition ] to the driving wheel drive only using the driving force of said motor, and stops an internal 
combustion engine when said internal combustion engine's engine temperature is higher than predetermined temperature The cooling 
control unit of the internal combustion engine characterized by changing by the service condition with an engine rotational frequency 
or the vehicle speed lower than the case of being lower than said predetermined temperature. 

[Claim 3] An internal combustion engine, the generator driven with said internal combustion engine, and the battery which 
accumulates the power generated with said generator, The motor driven with the power accumulated in said battery, and the driving 
means which drives a driving wheel using either of said internal combustion engines and said motors, or the driving force of the both, 
In the cooling control unit of the internal combustion engine which controls an internal combustion engine's cooling condition in a car 
equipped with the drive control means which controls said driving means When said internal combustion engine's engine temperature 
is higher than predetermined temperature Said drive control means is in the condition which connected both said internal combustion 
engine and said motor to the driving wheel. The cooling control unit of the internal combustion engine characterized by suspending the 
fuel supply to said internal combustion engine at an engine rotational frequency higher than the engine rotational frequency which 
suspends the fuel supply to said internal combustion engine when said engine temperature is lower than said predetermined 
temperature. 

[Claim 4] Said car is the cooling control unit of the water pump directly linked with said internal combustion engine, and the internal 
combustion engine according to claim 1 to 3 characterized by having further a cooling means to make circulate through cooling water 
by this water pump, and to cool said internal combustion engine. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an internal combustion engine's cooling control unit in the so-called hybrid car which 

drives a driving wheel combining a motor and an internal combustion engine's driving force. 

[0002] 

[Description of the Prior Art] It has a motor and an internal combustion engine as a driving source of a driving wheel, and both are 
changed, or the hybrid car it combines and runs is put in practical use. The drive control technique in such a hybrid car is indicated by 
JP,10-205365,A. 

[0003] This technique separates an internal combustion engine from a drive system according to a service condition, and raises fuel 

consumption by suspending the fuel supply to an internal combustion engine. 

[0004] 

[Problem(s) to be Solved by the Invention] However, according to this technique, an internal combustion engine is made suspended 
frequently unlike the conventional car driven only with an internal combustion engine. Therefore, with the conventional cooling means 
directly linked with the internal combustion engine, it will stop frequently and the cooling means itself has a possibility that an internal 
combustion engine may be overheated. 

[0005] Then, this invention makes it a technical problem to offer the cooling control unit of the internal combustion engine which 
makes it possible to perform sufficient internal combustion engine cooling in a hybrid car in view of the above-mentioned trouble. 
[0006] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the cooling control unit of the internal 
combustion engine of this invention An internal combustion engine, the generator driven with this internal, combustion engine, and the 
battery which accumulates the power generated with this generator, The motor driven with the power accumulated in this battery, and 
the driving means which drives a driving wheel using an internal combustion engine, a motor, or the driving force of those both, In the 
cooling control unit of the internal combustion engine which controls an internal combustion engine's cooling condition in a car 
equipped with the drive control means which controls a driving means (1) In case a driving means drives a driving wheel only using 
the driving force of a motor, when an internal combustion engine's engine temperature is higher than predetermined temperature, it is 
characterized by driving an internal combustion engine compulsorily with a generator or a motor. 

[0007] In a hybrid car, the fuel supply to an internal combustion engine is stopped in the drive condition of using only the driving 
force of a motor. According to this invention, when an internal combustion engine's engine temperature is higher than predetermined 
temperature also in the state of such fuel supply interruption, an internal combustion engine is compulsorily driven with a generator. 
Thereby, since only air is supplied to the interior of an internal combustion engine, compulsory cooling from the interior is performed. 
If the engine rotational frequency at this time is made high, time amount which cooling takes can be shortened and it is desirable. 
[0008] Or (2) drive control means is characterized by changing the service condition which a driving means changes [ service 
condition ] to the driving wheel drive only using the driving force of a motor, and stops an internal combustion engine by the service 
condition with an engine rotational frequency or the vehicle speed lower than the case where it is lower than predetermined 
temperature when an internal combustion engine's engine temperature is higher than predetermined temperature. 
[0009] According to this, when an internal combustion engine's engine temperature is higher than predetermined temperature, it is lost 
whether the vehicle speed is slower than the case of being lower than it, and that an internal combustion engine is stopped to the 
conditions which become low [ an engine rotational frequency ]. And the vehicle speed is slow or cooling of the internal combustion 
engine of overheating is performed in the condition that an engine rotational frequency is low. 

[0010] Or when (3) internal combustion engines' engine temperature is higher than predetermined temperature, a drive control means 
is in the condition which connected both the internal combustion engine and the motor to the driving wheel, and when engine 
temperature is lower than predetermined temperature, it is characterized by suspending the fuel supply to an internal combustion 
engine at an engine rotational frequency higher than the engine rotational frequency which suspends the fuel supply to an internal 
combustion engine. 

[001 1] In the hybrid car, when suspending the fuel supply to an internal combustion engine, it prevents that an internal combustion 
engine becomes the load of a motor by separating an internal combustion engine from a drive system, and improvement in fuel 
consumption is aimed at. In this invention, when an internal combustion engine's engine temperature is higher than predetermined 
temperature, it is suspending the fuel supply to an internal combustion engine, where an internal combustion engine and a motor are 
connected to a driving wheel, and an internal combustion engine is rotated by the motor with a driving wheel. Consequently, since 
only air is supplied to the interior of an internal combustion engine, compulsory cooling from the interior is performed. 
[0012] Moreover, it has the water pump directly linked with the internal combustion engine, cooling water is circulated by this water 
pump, and an internal combustion engine may be cooled. In this case, since the forcible drive also of this water pump is carried out 
with an internal combustion engine, the engine cooling by water cooling is continued. 
[0013] 

[Embodiment of the Invention] Hereafter, the gestalt of suitable operation of this invention is explained with reference to an 
accompanying drawing. In addition, in order to make an understanding of explanation easy, in each drawing, the same possible 
reference number is attached to the same component, and the overlapping explanation is omitted. 

[0014] Drawing 1 is the schematic diagram showing the configuration centering on the drive system of the hybrid car incorporating 
the cooling control device of the internal combustion engine concerning this invention, two sets (MG) of the gasoline engine 1 which 
is an internal combustion engine, and motor generators — 2 and 3 — each output shaft — a drive — a control means - it connects with 
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the power division device 4. An epicyclic gear device etc. can be used for this power division device 4. And an engine 1 and each 
connection condition of MG2 and MG3 are changed by controlling the power division device 4. And the output of the power division 
device 4 is told to a driving wheel 6 through a reducer 5. MG2 and MG3 are connected to the dc-battery 8 through the inverter 7. The 
output shaft of an engine 1 is connected to the revolving shaft of the water pump (WP) 9 which makes a part of cooling means. And an 
engine 1 is cooled by circulating cooling water between an engine 1 and a radiator 10. 

[0015] A control device 1 1 controls the drive condition of the whole drive system, the cooling condition of an engine 1, etc., the 
engine engine-speed sensor 12 which detects an engine engine speed, the engine water thermometer 13 which measures the water 
temperature of an engine cooling water, the fuel injector 14 which supplies the fuel of the specified quantity to inhalation of air, and 
the air flow meter 1 5 which measures inspired air volume are connected, and also a vehicle speed signal, an accelerator opening 
signal, etc. are inputted. Even if a control unit 1 1 combines two or more control units which have CPU and an independent control unit 
constitutes it, it is good also as which configuration. 

[0016] In this hybrid car, each driving force allocation with MG3 and the engine 1 which function mainly as a motor is controlled by 
the power division device 4, and optimal operation is performed. For example, in an inside load field with the sufficient effectiveness 
of an engine 1, the operation mode which transmits the driving force of an engine 1 to a driving wheel 6 mechanically is used. In a low 
load field, since the effectiveness of an engine 1 falls, the operation mode which suspends an engine 1 and uses only the power of 
MG3 is used. In a heavy load field, only with an engine 1 , since torque runs short, the operation mode which assists by MG3 and 
drives a driving wheel 6 is used. Moreover, the operation mode which drives a driving wheel 6 by MG3 is used, driving and 
generating MG2 with an engine 1 , when the amounts of accumulation of electricity of a dc-battery 8 are insufficient. 
[0017] In case it changes to the operation mode which is made to suspend the engines 1, such as low-speed transit, and is driven only 
by MG3 after the operation mode which makes the engines 1 , such as high-speed transit, operate with a heavy load continues, usually 
A control device 1 1 controls the power division device 4 while suspending the fuel supply to an engine 1 by suspending the fuel 
supply to the fuel injector 14. By separating an engine 1 from MG3, the fuel supply which stops the drive of an engine 1 completely is 
suspended, and the drive of an engine 1 is stopped completely. However, if an engine 1 is stopped, the drive of WP9 will stop and 
circulation of cooling water will stop. When heavy load operation of an engine 1 continues, the interior of an engine 1 is an elevated 
temperature, internal heat will be shut up, a refuge will be lost, the temperature of the component part of an engine 1 and the cooling 
water temperature of a circulation idle state will rise, and an engine 1 will be in overheating. In this way, if an engine 1 will be in 
overheating, in case an engine 1 will be again put into operation by re-acceleration etc., a possibility of the preignition by the hot 
engine component part becoming easy to happen, and causing knocking becomes high. 

[0018] The cooling control device of the internal combustion engine concerning this invention is for preventing overheating of the 
engine 1 which may cause such a preignition, and controls cooling of the engine 1 after a change to the low-speed transit after heavy 
load operation mode. Hereafter, the cooling control is explained with reference to the flow chart shown in drawing 2 . 
[0019] First, in step SI 1, it judges whether it goes into the condition precedent of an engine 1 . If it is not a condition precedent, it will 
shift to step SI 8 as it is, and operation will usually be continued. For example, it changes to the operation mode for which the vehicle 
speed used only MG3 when 45 or less km/h was enough also as the accumulation-of-electricity capacity of a dc-battery 8, and the 
conditions which stop an engine 1 are fulfilled. In this case, it shifts to step SI 2. 

[0020] It sets to step SI 2 and the last run state between in the predetermined time before an operation mode change (for example, 10 
minutes) is presumed from the past vehicle speed and an inhalation air content. What is necessary is just to presume a main run state in 
the meantime, while the last run state is changing within predetermined time. This can be presumed in a control unit 1 1 by referring to 
a vehicle speed signal and the output signal of an air flow meter 15. When a last run state is heavy load transit of 20kW or more of 
engine power, the value which expresses heavy load transit with a run state flag is stored. 

[0021] At step SI 3, with reference to the run state flag set up in this way, only when a last run state is heavy load transit, it shifts to 
step S 14, and when it is not heavy load transit, it shifts to step S27. 

[0022] At step SI 4, it judges with reference to the value of the halt prohibition counter which determines cooling condition 
continuation of this invention. Here, a setup of a halt prohibition counter is explained with reference to drawing 3 . This processing is 
performed only when rotation of an engine 1 is not suspended. 

[0023] First, a routine is started for every second by step S21. At step S22, with reference to the output Pe of an engine 1, if it is 20kW 
or more, if it is less than 20kW, it will shift to step S23 to step S26. At step S23, 1 is added to the value of a halt prohibition counter. 
At step S24, again, with reference to the output Pe of an engine 1, it shifts to step S25 only at the time of 40kW or more, further 2 is 
added to the value of a halt prohibition counter, and routine processing is ended. 

[0024] It judges whether it shifts to the step S29 after subtracting the value of a halt prohibition counter to 3 further at step S28 again 
with reference to the output Pe of an engine 1 by the step S27 when the output Pe of an engine 1 is less than 20kW on the other hand, 
after subtracting the value of a halt prohibition counter to 1 at step S26 only in the case of lOkW or less, and is [ fuel ] under cut. In 
under fuel cut, it shifts to step S30, and it subtracts further 5 from the value of a halt prohibition counter. Refer to whether it is 
negative for a value with reference to the value of a halt prohibition counter in step S3 1. In a negative case, it shifts to step S32, it sets 
a counter value to reset, 0 [ i.e., ], and ends processing. 

[0025] As big a value as the time of long duration operation of the engine 1 being carried out in the state of the heavy load is held at a 
halt prohibition counter, and the value currently held if the time of low loaded condition continuing and a fuel cut condition, i.e., the 
condition that motoring of the engine 1 is carried out, continue will be subtracted by this processing, and will become small by it. 
[0026] When it returns to explanation of step S14 of drawing 2 and the value of a halt prohibition counter is beyond a predetermined 
value, it judges with the engine 1 having been operated in the state of the heavy load for a long time, and shifts to step SI 5, and it 
judges with the engine 1 having been operated in the state of low loaded condition or motoring at the time under of a predetermined 
value, and it shifts to step S 1 7. 

[0027] In step SI 5, it judges whether it is a predetermined more than value, for example, 90 degrees C, with reference to the engine 
water temperature detected with the engine water thermometer 13. In beyond a predetermined value, an engine 1 judges with it lapsing 
into overheating, it advances to step SI 6, and an engine 1 judges with there being little possibility that the case of under a 
predetermined value lapses into overheating, and branches to step SI 7. 

[0028] A cooling down is performed at step SI 6. Even if it is the condition precedent of prohibition 1 , i.e., an engine, about a halt of 
an engine 1, that is, rotating an engine 1 is continued compulsorily. Even if it continues the fuel supply to the fuel injector 14 and 
continues operation of an engine 1 at this time, the fuel supply to the fuel injector 14 is suspended, an engine 1 may be compulsorily 
rotated by MG2 or MG3, or any may be used. 

[0029] When operation of the former engine 1 is continued, the drive of the driving wheel 6 with an engine 1 will be continued to the 
field where the engine speed of an engine 1 is low, or the field where the vehicle speed of a car is low. In this case, in the configuration 
routine of the halt prohibition counter shown in drawing 3 , the value of a halt prohibition counter is subtracted by passing step S28 
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through steps S26 and S27 depending on the case from step S22. In the meantime, since the engine 1 is operated in the low load field 
and WP9 connected to the engine 1 is also operated, an engine 1 is cooled and engine water temperature falls. 
[0030] When the latter fuel supply is suspended, in the configuration routine of the halt prohibition counter shown in drawing 3 , the 
value of a halt prohibition counter is subtracted from step S22 through steps S26-S30. Since an engine 1 is rotated without supply of a 
fuel in the meantime, forced cooling is carried out by inhalation of air from the interior. Furthermore, since WP9 connected to the 
engine 1 is also operated, cooling of an engine 1 is promoted, and engine water temperature also falls. 

[0031] In any case, if a counter value turns into under the predetermined value compared at step S14, it will shift to step SI 7 and an 
engine 1 will be stopped. Moreover, if an engine 1 is cooled and engine water temperature fully falls even if it is beyond the 
predetermined value with which a counter value is compared at step SI 4, it will shift to step SI 7 from step SI 5, and an engine 1 will 
be stopped. Moreover, also when heavy load transit does not continue, it shifts to step SI 7 from step SI 3, and an engine 1 is stopped. 
[0032] Thus, since an engine 1 can fully be cooled, the stable restart which the preignition by overheating does not occur at the time of 
restart, and does not have knocking is attained. 

[0033] Other operation gestalten of cooling control of the cooling control unit concerning this invention are explained below with 
reference to drawing 4 . Drawing 4 R> 4 is the flow chart of this cooling control. 

[0034] Step S41 estimates the engine water temperature first measured with the engine water thermometer 13. If the measured engine 
water temperature is under a predetermined value, an engine 1 will judge with it not lapsing into overheating, and will shift to step 
S47. Although it judges whether engine shutdown conditions are fulfilled at step S47, the criteria at this time are the same conditions 
as step S 1 1 in above-mentioned drawing 2 . When the condition precedent is not filled, it goes on to step S49, and an engine 1 usually 
continues operation. When a condition precedent is filled, while shifting to step S48 and suspending the fuel supply to an engine 1 , the 
power division device 4 separates an engine 1 from a driving wheel 6, and stops rotation of an engine 1 . 

[0035] Although it will judge with an engine 1 lapsing into overheating and will judge whether engine shutdown conditions are 
fulfilled at step S42 which shifts to step S42 if the measured engine water temperature is beyond a predetermined value, the criteria at 
this time have the quick vehicle speed compared with the criteria in step S47, or are conditions which stop an engine 1 on the 
conditions that the engine engine speed of an engine 1 is high. When not fulfilling this engine shutdown condition, it shifts to step S49 
and usual operation of an engine 1 is continued. 

[0036] When fulfilling engine shutdown conditions, it shifts to step S43. Step S43 to the step S45 is equivalent to step S14 from step 
S12 of above-mentioned drawing 2 , respectively. And in shifting to step S46, performing engine-coolant operation, when fulfilling 
both the criteria of steps S44 and S45, and not filling either, it shifts to step S48 and stops an engine 1 as mentioned above. 
[0037] Engine-coolant operation cuts the fuel supply to an engine 1, and is performed by rotating an engine 1 compulsorily by MG2 or 
MG3. At this time, the fuel supply to an engine 1 will be cut in the condition that an engine engine speed is usually higher than the 
conditions on which fuel supply is suspended, or the condition that the vehicle speed is quick. Since an engine 1 can fully be cooled 
also by this cooling control, the stable restart which the preignition by overheating does not occur at the time of restart, and does not 
have knocking is attained. 

[0038] Cooling control of the engine by the cooling control device of this invention is not restricted to the above operation gestalt, and 
various deformation and amelioration are possible for it. For example, as an internal combustion engine, it can choose from a gasoline 
engine, a diesel power plant, a CNC engine, etc. suitably. Moreover, arrangement with an internal combustion engine and MG can 
apply the combination of a series method, a parallel method, or both etc. MG which carries out the forcible drive of the engine may be 
any of a generator and a motor. 
[0039] 

[Effect of the Invention] As mentioned above, since forced cooling of the engine is carried out by continuing the cooling down which 
rotates an engine compulsorily also on the transit conditions which usually stop an engine according to this invention after heavy load 
operation of an engine continues in a hybrid car as explained, an engine does not lapse into overheating, the preignition at the time of 
restart is controlled, and the stable restart without knocking is attained. 
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* notices * 

JPO and NCXPI axe not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram showing the configuration for the principal part of the hybrid car carrying the cooling control 
device concerning this invention. 

[Drawing 2] It is the flow chart of cooling control of the cooling control device concerning this invention. 
[Drawing 3] It is the flow chart which shows a setup of the halt prohibition counter in drawing 2 . 
[Drawing 4] It is the flow chart of another cooling control of the cooling control device concerning this invention. 
[Description of Notations] 

1 [ - A reducer, 6 / — A driving wheel, 7 / — An inverter, 8 / — A dc-battery, 9 / — A water pump (WP) 1 0 / - A radiator, 11/ — 
Control unit. ] - 2 An engine, 3 — A motor generator (MG), 4 — A power division device, 5 
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